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Description 

The invention relates to electrostatically produced structures, for example tubular vascular grafts, 
and to methods of manufacturing such structures. 
5 It has been proposed in the past to spin electrostatically fibrous structures of polymeric material such 
as polyurethane using an electrostatically charged, spinning mandrel as a fibre collector, a solution of 
the polymer being ejected towards the mandrel from capillary needles or other suitable means. The man- 
drel has in some circumstances been placed between charged electrodes to alter the electrostatic field 
created by the charged mandrel. The mandrel may be replaced by an alternative electrostatically 
1 o charged collector if a tubular structure is not required. 

It has been found that synthetic fibrous structures built up in this way generally have fibres of a diam- 
eter not larger than 1^im, and that the fibres are generally randomly orientated. Some directional bias can 
be Induced by varying the speed of mandrel rotation, as Indicated in our published British Patent Applica- 
tion Nos. GB-A-21 21 286 and GB-A-21 20946. It is also known, from GB-A-21 42870, that variation in 
15 anisotropy of an electrostatically spun graft can be achieved by varying the electrostatic field experi- 
enced by fibreizable material before collection by the mandrel. Such field variation is achieved using 
electrodes, as is disclosed also In DE-C-658721. 

It has been found that the generally random nature of the fibrous structure and the small fibre size of 
1jim or less has produced a tubular structure which can be prone to kinking and can therefore be a prob- 
20 lem when used as an arterial graft particularly where limb movement is involved. 

According to one aspect of the invention there is provided a tubular fibrous structure comprising 
small diameter fibres having a diameter in the range 0.5jim to 2\im and substantially larger diameter fi- 
bres having a diameter in the range 2jim to 1 5jim, said smaller diameter fibres being randomly oriented in 
the fibrous structure, said larger diameter fibres being embedded in a matrix of said small diameter fibres 
25 and said larger diameter fibres being generally oriented circumferentially with respect to the longitudinal 
axis of said tubular structure. 

The structure may comprise a multiplicity of elongate voids extending generally circumferentially with 
respect to the longitudinal axis of the structure. 
The structure may comprise an inner layer of fibres of the small diameter. The layer of fibres of larger 
30 diameter may be an intermediate layer, inside an outer layer of fibres of the small diameter. 

The inner layer may be of a polymeric material adapted to be compatible with contact with blood, and 
may be of a thickness in the range 10*im to 60nm, preferably 40nm. 
The intermediate layer may be of a thickness in the range 300nm to 2Q0Qnm. 
The outer layer may be of a thickness in the range of 10nm to 60*im t preferably 40jim. 
35 The tubular structure may have open areas or voids between the larger diameter fibres, said open 
areas or voids extending in the circumferential direction of the tubular structure whereby said structure 
has a low modulus in both compression and extension in the axial direction of said tubular structure. 

According to a further aspect of the invention, there is provided a method of electrostatically spin- 
ning a tubular fibrous structure using an electrostatically charged, spinning mandrel and an electrostati- 
40 cally charged grid means in the region of the mandrel to produce an electrostatic field, which method com- 
prises the steps of introducing into said electrostatic field a fibreizable material, collecting on said man- 
drel a first portion of said liquid in the form of fibres attracted directly to the mandrel and a second 
portion of said liquid in the form of fibres having been deflected towards said grid means to follow a long- 
er path to said mandrel than the fibres from said first portion of liquid, whereby a tubular fibrous struc- 
45 ture according to the invention is produced. 

At least some of said second portion of said liquid may contact the grid means. 

The method preferably comprises the step of selecting a desired potential for the mandrel and select- 
ing a desired potential for the grid means prior to introducing fibreizable material into the electrostatic 
field produced by the mandrel and the grid means. 

50 The grid means are preferably arranged such that the electrostatically charged surface of the gnd 
means nearest the fibreizable material introduction means lies no nearer thereto than the mandrel. The 
electrostatic spinning process may be started with the mandrel at a first mandrel voltage and the grid 
means at a first grid voltage and the mandrel and the grid voltages varied to cause a variation in the di- 
ameter and orientation of at least a portion of the fibres forming the tubular fibrous structure. 

55 The first mandrel voltage and the first grid voltage may be such as to produce fibres of a first diame- 
ter in the range 0.5*im to 2jim, generally randomly orientated, and the mandrel and grid voltages may be 
varied by increasing the electrostatic charge on the grid means relative to the mandrel to produce fibres 
of a larger diameter in the range 2jim to 15nm, as well as fibres of the first diameter, the fibres of larger 
diameter tending to be orientated generally circumferentially with respect to the longitudinal axis of the 

60 mandrel. m ta 

The method may include a further step of returning the mandrel to the first mandrel voltage and the 
grid means to the first grid voltage for a period at the end of the process. 

The method may comprise the step of arranging and electrostatically charging the grid means such 
that a leading edge of the grid means lies forward of the mandrel with respect to the fibreizable matenal 
65 introduction means where fibres of said first diameter are required, and such that a leading edge of the 
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grid means lies no nearer the fibreizable material introduction means than the mandrel when fibres of 
said second diameter are required. 

The grid means may comprise a first pair of coplanar grids or plates on one side of the mandrel and a 
second pair of coplanar grids or plates on the other side of the mandrel and in a plane parallel to the first 

5 pair of coplanar grids or plates, one grid or plate of each coplanar pair lying forward of the mandrel with 
respect to the fibreizable material introduction means, and the other grid or plate of each coplanar pair 
lying no nearer the fibreizable material introduction means than the mandrel, and the method may com- 
prise the steps of electrostatically charging both grids or plates of each pair when fibres of said first di- 
ameter are required and electrostatically charging the second grid or plate only of each pair when fibres 

10 of a diameter larger than said first diameter are required. 

The mandrel may be charged to a voltage in the range 6 to 20kV, and an example of a preferred volt- 
age for the mandrel, when of 4mm diameter, and the grid means is !2kV for the mandrel, 6kV for the grid 
means to produce fibres of the first diameter, 7kV for the mandrel, 9.2kV for the grid means when fibres 
of a larger diameter are to be produced. It will be appreciated, however, that these voltages are quoted 

15 merely by way of example as mandrel size, grid spacing and grid location have a fundamental effect on 
the voltage relationship between the mandrel and the grid means to produce different fibre production on 
the mandrel. 

The tubular fibrous structure may have different fibrous structures at different locations along its 
length, and this feature may be achieved by traversing the fibreizable material introduction means along 

20 the length of the mandrel and varying the electrostatic potentials of the mandrel and the grid means as 
the fibreizable material introduction means moves relative to the mandrel to produce different electro* 
static fields for fibre collection and have different fibrous structures at different axial locations on the 
mandrel. This variation may be conveniently controlled by a microprocessor programmed to repeat a de- 
sired sequence of electrostatic charge variation. 

25 According to a further aspect of the invention, there is provided apparatus for electrostatically spin- 
ning a tubular fibrous structure, which apparatus comprises a mandrel to act as a collector for electro- 
statically spun fibres, means for electrostatically charging the mandrel and for varying the electrostatic 
charge thereon, means for rotating the mandrel, grid means in the region of the mandrel, means for elec- 
trostatically charging the grid means and for varying the electrostatic charge thereon, and means for in- 

30 traducing a fibreizable material into the electrostatic field, the surface of the grid means nearest to the 
fibreizable material introduction means lying no nearer thereto than the mandrel. 

The grid means may comprise a pair of parallel plates or grids arranged on each side of the mandrel. 
Leading edges of the plates or grids nearest the fibreizable material introduction means may be paral- 
lel, and the parallel leading edges may lie in a plane passing through or at least adjacent the mandrel. 

35 The apparatus may further comprise secondary grid means extending forwardly of the grid means with 
respect to the fibreizable material introduction means. The secondary grid means may comprise a pair of 
parallel plates. 

The apparatus may comprise means for electrostatically charging the grid means and the secondary 
grid means together, or the grid means alone. 
40 The apparatus may further comprise microprocessor means for controlling variation of the voltages 
on the mandrel and the grid means in accordance with a desired sequence to produce a tubular fibrous 
structure having desired characteristics. 

By way of example, one embodiment of a method of electrostatically spinning a tubular fibrous struc- 
ture, of apparatus for carrying out the method and of a tubular fibrous structure will now be described 
45 with reference to the accompanying drawings, in which :- 

Figure I is a side view of apparatus according to the invention for spinning a tubular fibrous structure 

in a first mode of operation; 

Figure 2 is a side view illustrating the apparatus of Figure I in a second mode of operation; 
50 Figure 3 is a scanning electron microscope photograph of the microstructure of the surface of a tubu- 
lar structure including fibres of different diameters; 

Figure 4 is a scanning electron microscope photograph of a section through the microstructure of a 
tubular fibrous structure having fibres of different diameters; 

Figure 5 is a graph of the change in diameter of a tubular structure having fibres of different diame- 
55 ters as a function of internal pressure; J!X£ 

Figure 6 is a table of results of bending experiments on a fibrous structure having fibres of different 

diameter; and 

Figure 7 is a photograph of a fibrous structure having fibres of different diameters undergoing a 
bend test 

60 

Figures I and 2 illustrate apparatus for electrostatic spinning in two modes of operation. 
Figures I and 2 illustrate the apparatus diagrammatically. The general electrostatic spinning process 
has been described in several Patent specifications already published, for example earlier published 
British application Nos. GB-A 2121286 and GB-A 2120946. . 
65 The apparatus consists of an array of capillary needles 10 mounted on a carrier (not shown) with 
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means for moving the carrier in reciprocating fashion paraliel to a mandrel II. The means for moving the 
needle block is conveniently a motor. 

The mandrel II in the embodiment illustrated is of 4mm diameter although it will be appreciated that other 
diameters may be used. There are means for rotating the mandrel at a variety of different speeds but 
5 typically the speed will be of several thousand revolutions per minute, a typical speed being 5000 r.p.m. 

The capillary needles 10 are supplied with polymeric material such as polyurethane or other suitable 
polymeric material in solution (although it is possible to use a suspension) and material emanating from the 
needles is attracted towards the mandrel II by electrostatically charging the mandrel II to a potential of 
several kllovolts with respect to the needles 10. The process results In the production of fibres which 
10 collect on the mandrel II in a manner which has been described in specifications already published. 

It has already been proposed to have electrostatically charged grids on either side of the mandrel (I 
with respect to the needles 10 but the edges of the grids nearest the needles 10 have been significantly 
nearer the needles than has the mandrel. In the apparatus of Figures I and 2 pairs of plates 12, 13 and I4 f 
15 are provided. The plates 12, 13, 14 and 15 are conveniently of metallic sheeting although barred grids 
1 5 may be used if desired. 

In the mode of operation illustrated in Figure I, ail four plates 12, 13, 14 and 15 are electrostatically 
charged to a voltage less than the voltage to which the mandrel II is charged. Typical voltages for the 
spacing of the plates and the size of the mandrel are !2kV on the mandrel and 6kV on the plates 12, 13, 14 
and 15. This results in an array of fibres leading from the needles 10 to the mandrel II substantially as 
20 shown in Figure I and is much the same as known electrostatic spinning processes. 

However, by changing the mode of operation to that shown in Figure 2, the fibrous structure formed 
on the mandrel II changes substantially. To produce the shape of fibre array emanating from the needles 
10 shown in Figure 2 f the forward plates 12 and 14 of the two pairs of plates are no longer electrostatically 
charged but are at the same potential as the needles JO. The rearward plates 13 and 15 having parallel 
25 leading edges which lie in a plane passing through or at least adjacent the mandrel II are charged to a 
higher voltage than was the case in Rgure I and the mandrel voltage is reduced. This causes fibres to be 
attracted more readily towards the rearward plates 13 and 15 and thence to the mandrel II. Some fibres will 
be attracted directly to the mandrel II. Fine adjustment of the voltages is required as if the plates 13 and 15 
are at too high a potential, material from the needles will simply be attracted to the plates 13 and 15 and not 
30 necessarily reach the mandrel II whereas if the mandrel voltage is too high relative to the plates 13 and 15, 
the fibrous structure will not differ significantly from that caused by the mode of operation described 
with reference to Rgure I. 

Typical voltages for the Rgure 2 mode of operation are 9.2kV on the plates 13 and 15 and 7kV on the 
mandrel II. It will be appreciated, however, that the voltage relationship between the mandrel II and the 

35 plates 13 and will differ depending on the plate size and spacing, the mandrel diameter and the spacing of 
the needles 10 from the mandrel 11 and the plates 12, 13, 14 and 15. 

The fibrous structure produced in the mode of operation described with reference to and shown in Rg- 
ure 2 differs significantly from the fibrous structure produced by the mode of operation described with 
reference to and shown in Rgure I. In the Rgure I mode of operation, the fibres are generally in the 

40 range 0.5jtm to 2|im, and mostly of approximately ijim diameter, and are generally randomly orientated. In 
the Rgure 2 mode of operation, however, while some fibres of diameter approximately lum (in the range 
O.Sjim to 2jim) are still formed on the mandrel II and their orientation random, fibres of a larger diameter 
are also produced, probably from the fibres whose path length to the mandrel II is lengthened because of 
the different electrostatic field. Rbres up to a diameter of I5|im may be produced and, In general, the 

45 larger the fibre diameter, the more likely is that fibre to be arranged circumferentially with respect to the 
longitudinal axis of the mandrel II. The larger diameter fibres are, in effect, more likely to be wound 
around the mandrel II leading to circumferential orientation. 

Rgure 3 illustrates the type of microstructure produced in the Rgure 2 mode of operation, it being ap- 
parent that fibres of a diameter of approximately l|im extend randomly in direction over the structure 

50 whereas fibres of larger diameter extend generally circumferentially. 

It has also been found that the microstructure produced in the mode of operation of Rgure 2 includes 
elongate voids in the structure which generally extend circumferentially with respect to the longitudinal 
axis of the mandrel II and the tubular fibrous structure formed on it Rgure 4 illustrates the presence of 
the voids 16, Rgure 4 being a scanning electron microscope photograph of a section through the mlcro- 

55 structure. The presence of the voids 16 in the microstructure assists in resisting kinking of the structure 
upon bending. 

It will be appreciated that tubular fibrous structures having varying fibrous structures across their 
cross-section can be produced readily by altering voltages at the mandrel 11 and plates 12, 13, 14 and 15 
and by altering the mode of operation from the Figure I mode to the Figure 2 mode. It is also possible to 

60 feed solutions of different polymers to the needles 10 where different material characteristics are re- 
quired. Thus a polymer having desirable characteristics for contact with blood and which may also be 
doped with, for example, a pharmaceutical can be introduced first of all in the Rgure I mode to build up an 
inner layer for example of 10 to 60jim, preferably 40iim for contact with blood. Thereafter, simply by 
changing the polymer emanating from the needles 10 and the operational mode to that of the Rgure 2 

65 mode, the fibrous structure can be altered. Typically, the layer of the structure formed by the Rgure 2 
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mode of operation would be between 300 and 2000nm thick. Finally, the Figure I mode could be used for 
an outer layer of perhaps lO^m to 60nm, preferably 40»im of the microstructure including fibres general- 
ly of lum diameter randomly orientated. Simply changing voltages can thus be used to create chang.es , n 
the fibrous structure across the cross-section of the tubes and, once a desirable characteristic for a 

5 tube has been achieved, repeats can be readily made by microprocessor control. 

Furthermore, it will be appreciated that tubular fibrous structures can be made with different charac- 
teristics along the length of the tubular structure by altering voltage or other characteristics as the nee- 
dles 10 traverse along the mandrel II. This too can readily be controlled by a microprocessor. 
A composite structure as described above including at least a layer of fibres including randomly onen- 

10 tated fibres of approximately Ijim diameter together with larger fibres tending to be orientated circumfer- 
entially around the tube has the appearance of a lightly ridged, flexible hose. The structure offers little 
resistance to bending and will assume a very tight loop without kinking. It has greater axial compliance 
than a similarly dimensioned tubular fibrous structure made entirely In the Figure I mode of operation but, 
most importantly, when compressed along its axis, it shortens with a minimal tendency to buckle. Mechani- 

1 5 cal tests have been carried out to quantify these features of the graft. 

COMPARISON OF HOOP-AXIAL MODULI 

A simplified tensile test was made on specimens cut from a tubular structure made in the Figure 2 mode 

20 of operation and from a tubular structure made from a Figure I mode of operation. The Young's modulus 
of the "dogbone" shaped specimens was measured and the results are given below:- 
hoop modulus - Fig. I mode 5.4 x 105 Pa 
hoop modulus - Fig. 2 mode 20.! x I05 Pa 
axial modulus - Fig. I mode 9.7 x 10* Pa 

25 axial modulus - Fig. 2 mode 2.8 x 10 s Pa 

Compared with a Fig.l mode structure, the circumferential modulus of a Fig. 2 mode structure is in- 
creased by a factor of four and the axial modulus is decreased by a similar factor. This shows that the 
preferential fibre alignment in the Fig. 2 mode structure significantly changes the hoop/axial ration of 
moduli which explains in part the good bending properties. These results are consistent with the fibre on- 

30 entation observed by scanning electron microscope for a Fig. 2 mode structure. 

The static compliance of one of the Rg. 2 mode structures has been measured using a specimen 7cm in 
length, 3.7mm bore and 0.57mm wall thickness. The structure was pre-clotted with gelatin pnor to being 
tested and was subjected to 15% axial strain. The internal pressure was ramped to 2000mm Hg and slowly 
brought back to zero, during which the change in diameter was repeatedly measured. The expenment was 

35 repeated at 20% and 25% axial strain. 

A graph of the change in diameter as a function of internal pressure at 15% axial strain is shown in Fig- 
ure 5. The graph is essentially linear with only a small hysteresis. The compliance was calculated by 
measuring the external diameter at 120mm Hg and subtracting it from the diameter at 80mm Hg. This figure 
was divided by the diameter at lOOmm Hg. The static compliance for each of the three expenments was:- 

40 at 15% extension 0.66% compliance 
at 20% extension 0.73% compliance 
at 25% extension 0.79% compliance 

45 AXIAL EXTENS ION UNDER PRESSURE 

Owing to the decrease in the axial (longitudinal) Young's modulus of the Fig. 2 mode structure, the 
specimens will elongate when subjected to internal pressure. This extension was measured for a Rg. 2 
mode structure and for a Fig. I mode structure of similar dimensions, the dimensions being 



50 
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Fig. 2 mode Fig. 1 mode 

structure : structure 

4.62mm 3.74mm 

5.4 mm 4.46mm 

Wall thickness 0.39mm 0.36mm 

At 200mm Hg pressure, a Fig. 2 mode structure increases in length by 15% compared with less than 
4% for a wholly microfibrous, standard specimen made in the Rg. I mode. A 15% increase is thought to be 
within clinically acceptable limits. 
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BENDING CHARACTERISTICS OF THE FIG. 2 MODE STRUCTURE. 

The bending characteristics of two typical specimens have been determined at zero and 80mm Hg in- 
ternal pressure. The measurements are compared with results from Rg. I mode structures of similar di- 
5 mensions. The term "bending diameter" describes the diameter of the smallest circle around which an un- 
supported structure will bend without kinking. 

Results of the bending experiments are set out in the table of Figure 6. The mean bending diameter of a 
Fig. I mode structure is 8cm. A structure of similar gross dimensions but modified by the inclusion of cir- 
cumferentially aligned macrofibres by the Rg. 2 mode of operation is l.28cm. Rgure 7 is a photograph of 
1 0 a similar specimen being tested and illustrates the advantageous bending characteristics. 

When the specimens were tested under an imposed internal pressure of 80mm of mercury, the mean 
bending diameters were 5.4cm and LOcm respectively. 

it will be appreciated that the apparatus described and the types of structure made can be varied sig- 
nificantly depending on the desired characteristics. It will, of course, be understood that the present in- 
15 vention has been described above purely by way of example and modifications of detail can be made with- 
in the scope of the invention. 



Claims 



20 



1 . A tubular fibrous structure comprising small diameter fibres having a diameter in the range 0.5jim to 
2p.m. and substantially larger diameter fibres having a diameter in the range 2^im to 15nm, said smaller di- 
ameter fibres being randomly oriented in the fibrous structure, said larger diameter fibres being embed- 
ded In a matrix of said small diameter fibres and said larger diameter fibres being generally oriented cir- 

25 cumferentially with respect to the longitudinal axis of said tubular structure. 

2. A tubular fibrous structure as claimed in Claim 1 including a multiplicity of elongate voids (16) extend- 
ing generally clrcumferentially with respect to the longitudinal axis of the structure. 

3. A tubular fibrous structure as claimed in Claim 1 or Claim 2 wherein the ratio of the diameters of the 
larger diameter fibres to the diameters of the small diameter fibres is less than 30:1 . 

30 4. A tubular fibrous structure as claimed in any one of Claims 1 to 3 including at least one layer of fi- 
bres all of said small diameter. 

5. A tubular fibrous structure as claimed in Claim 4 having a layer of fibres all of said small diameter 
on the inside of the structure. 

6. A tubular fibrous structure as claimed in Claim 5 wherein the layer of fibres of said small diameter 
35 has a thickness in the range 1 0jim to 60pm. 

7. A tubular fibrous structure as- claimed in Claim 6 wherein the layer of fibres of said small diameter 
has a thickness of 40p.m. 

8. A tubular fibrous structure as claimed in any one of Claims 4 to 7 having a layer of fibres of said 
small diameter on the outside of said structure. 

40 9. A tubular fibrous structure as claimed in Claim 8 wherein the outside layer has a thickness in the 
range 10jim to 60pm. 

10. A tubular fibrous structure as claimed in Claim 9 wherein the outside layer has a thickness of 
40jim. 

11. A tubular fibrous structure as claimed in any one of Claims 4 to 10 wherein the larger diameter fi- 
45 bres in the matrix of said small diameter fibres lie in a layer of thickness in the range 300»im to 2000>m. 

12. A tubular fibrous structure wherein at least an axial- portion thereof is a tubular fibrous structure 
as claimed in any preceding Claim, the complete tubular fibrous structure having been made continuously 
by electrostatic spinning. 

13. A tubular fibrous structure as claimed in Claim 1, wherein said tubular structure has open areas or 
50 voids (16) between the larger diameter fibres, said open areas or voids (16) extending in the circumferen- 
tial direction of the tubular structure whereby said structure has a low modulus in both compression and 
extension in the axial direction of said tubular structure. 

14. A tubular structure according to Claim 12 wherein the inner surface of the structure is predomi- 
nantly small diameter fibres to provide a smooth inner surface. 

55 15* A tubular structure according to Claim 13 or Claim 14 wherein the outer surface of the structure is 
predominantly larger diameter fibres and voids (16). 

1 6. A tubular structure according to Claim 1 3 or Claim 14 wherein the open spaces or voids (1 6) are dis- 
posed on the outer surface of the structure. 

17. A tubular structure according to any one of Claims 13 to 16 wherein the larger diameter fibres form 
60 circumferential reinforcing hoops, said hoops being disposed in spaced apart relationship along the 

length of the graft 

18. A tubular structure according to any one of Claims 13 to 17 wherein the inner surface of the struc- 
ture is relatively smooth and the outer surface of the structure has circumferentially disposed spaced 
apart ridges. 

65 19. A tubular structure according to any one of Claims 13 to 18 wherein the open spaces or voids (16) 
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have a tapered depth with the wide portion of said spaces or voids (16) being on the outer surface of the 

tubular structure. , ^ ^ . . ^,^ e+ot . 1K/ 

20 A method of electrostatically spinning a tubular fibrous structure using an electrostatically 
charged, spinning mandrel (1 1) and an electrostatically charged grid means (12, 13, ,14, 15) in the region of 

5 the mandrel (1 1) to produce an electrostatic field, and means (10) for introducing fibreizable matenal into 
said electrostatic field, which method comprises the steps of introducing into said electrostatic field a fi- 
breizable material, collecting on said mandrel (1 1) a first portion of said liquid in the form of fibres attract- 
ed directiy to the mandrel (11) and a second portion of said liquid in the form of fibres having been deflect- 
ed towards said grid means (12, 13. 14, 15) to follow a longer path to said mandrel (11) than the fibres from 

10 said first portion of liquid, whereby a tubular fibrous structure as claimed in Claim 1 is produced. 

21 A method of electrostatically spinning a tubular fibrous structure as claimed in Claim 20 wherein 
said fibres from said second portion of said liquid are collected on said mandrel (11) after at least some of 
said second portion has contacted said grid means (12, 13, 14, 15). 

22. A method as claimed in Claim 20 or Claim 21 wherein the fibres from said first and second portions 

15 are collected simultaneously. . A . . . 

23 A method as claimed In any one of Claims 20 to 22 which method further comprises the step of se- 
lecting a desired potential for the mandrel (1 1 ) and selecting a desired potential for the gnd means (1 2, 1 3, 
1 4, 1 5), prior to introduction of the fibreizable material into the electrostatic field. 
24. A method as claimed in Claim 23 wherein the grid means (12, 13, 14, 15) is selected to have a higher 
20 potential than the mandrel (11). , f , . , . . M 

25 A method as claimed in any one of Claims 20 to 24 which method further comprises the steps of ar- 
ranging the grid means (12, 13, 14, 15) such that the electrostatically charged surface of the gnd means 
(1 2*1 3, 14, 1 5) nearest the fibreizable material introduction means (10) lies no nearer thereto than the man- 
drel (11) 

25 26 A method as claimed in any one of Claims 20 to 25 further comprising the steps of starting the elec- 
trostatic spinning process with the mandrel (11) at afirst mandrel voltage and the grid ™™ J 12 - 1 *; JZl 
15) at a first grid voltage, and varying the mandrel and grid voltages to cause a vanaton in the diameter 
and orientation of at least a portion of the fibres forming the tubular fibrous stnjcture 

27 A method as claimed in Claim 26 wherein the first mandrel voltage and the first gnd voltage are 

30 such as to produce fibres of a first diameter generally randomly orientated, and the mandrel and grid 
voltages are varied by increasing the potential of the grid means relative to the mandrel to produce fi- 
bres of a larger diameter than the first diameter as well as fibres of the first diameter, the fibres of the 
larger diameter tending to be orientated generally circumferentially with respect to the longitudinal axis 

° f 2& A methodas claimed in Claim 26 or Claim 27 comprising a further step of returning the mandrel (1 1) 
to the first mandrel voltage and the grid means (12, 13, 14, 15) to the first grid voltage for a penod at the 

en 29° f A h method S as claimed in Claim 27 or Claim 28 as dependent on Claim 27 comprising the step of ar- 
ranging and electrostatically charging the grid means (12, 13, 14, 15) such that a leading f£ge of ^e gnd 
means (12, 13, 14, 15) lies forward of the mandrel (11) with respect to the fibreizable matenal introduction 
means (10) where fibres of said first diameter are required, and such that a leading edge of the > gnd 
means (13, 15) lies no nearer the fibreizable material introduction means (10) than the mandrel when fibres 

of said second diameter are required. ^i„„« r - He M 0 

30. A method as claimed in Claim 29 where the grid means compnse a first pair of coplanar gnds (12, 
45 13) or plates on one side of the mandrel (1 1) and a second pair of coplanar gnds (14 15) or plates on the 

other side of the mandrel (11) and in a plane parallel to the first pair of coplanar gnds or plates, one grid 
or plate (12, 14) of each coplanar pair lying forward of the mandrel (1 1) with respect to the fibreizable ma- 
terial introduction means (10), and the other grid or plate (13, 15) of each coplanar P*r lymg . no .nearer the 
fibreizable material Introduction means (10) than the mandrel (11), which method > ^ m Pnses the ^steps of 
50 electrostatically charging both grids or plates of each pair when fibres of said first diarneter are re- 
quired and electrostatically charging the second grid or plate (13, 15) only of each pair when fibres of a 
diameter larger than said first diameter are required. w u . _ 

31 . A method as claimed in any one of Claims 20 to 30 wherein the mandrel (1 1) is charged to a potential 

in the range 6kV to 20kV. ., * K ^ m =r, 

55 32. A method as claimed in any one of Claims 20 to 31 wherein, for a manorei or 4mm diamel er, toe man- 
drel (1 1) is charged to 7kV and the grid means (13, 15) to 9.2kV to produce fibres of different dameters. 

33. A method as claimed in any one of Claims 20 to 32 comprising the step of traversing the fibre intro- 
duction means (10) along the length of the mandrel (11) and varying the electrostatic potentials of the man- 
drel (11) and the grid means (12, 13, 14, 15) as the fibreizable ^material [introduction means (10) moves rela- 

60 five to the mandrel (1 1) to produce different electrostatic fields for fibre collection and hence different fi- 
brous structures at different axial locations on the mandrel (11). 

34. Apparatus for electrostatically spinning a tubular fibrous structure, which apparatus comprises a 
mandrel (11) to act as a collector for electrostatically spun fibres, means for electrostatically charging 
the mandrel and for varying the electrostatic charge thereon, means for rotating the mandrel, grid 

65 means (1 3, 1 5) in the region of the mandrel (11). means for electrostatically charging the gnd means (1 3, 1 5) 
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and for varying the electrostatic charge thereon, and means (10) for introducing a fibreizable material in- 
to the electrostatic field, the surface of the grid means (13, 15) nearest to the fibreizable material intro- 
duction means lying no nearer thereto than the mandrel (11). 

35. Apparatus as claimed in Claim 34 wherein the grid means compnses a pair of parallel plates or 
5 grids (1 3, 1 5) arranged one each side of the mandrel (11). m 

36. Apparatus as claimed in Claim 35 wherein leading edges of the plates (13, 15) nearest the fibreiz- 
able material introduction means (10) are parallel. 

37. Apparatus as claimed in Claim 36 wherein the parallel leading edges lie in a plane passing through 
or at least adjacent the mandrel (11). 

10 38 Apparatus as claimed in any one of Claims 34 to 37 further comprising secondary gnd means (12, 
14) extending forwardry of the grid means (13, 15) with respect to the fibreizable material introduction 
means. 

39. Apparatus as claimed in Claim 38 wherein the secondary grid means (12, 14) comprise a pair of par- 
allel plates (12, 14). 

15 40. Apparatus as claimed in Claim 38 or Claim 39 comprising means for electrostatically charging the 
grid means (13, 15) and the secondary grid means (12, 14) together, or the grid means (13, 15) alone. 

41. Apparatus as claimed in any one of Claims 34 to 40 comprising microprocessor means for control- 
ling variation of the voltages in accordance with a desired sequence to produce a tubular fibrous struc- 
ture having desired characteristics. 

20 

PatentansprQche 

1. Rohrenformige Faserstruklur mit Fasern mit einem kieinen Durchmesser im Bereich von 0,5 jim bis 
2 urn und Fasem mit einem wesentlich grdBeren Durchmesser im Bereich von 2 urn bis 15 \im, wobei die 

25 Fasem mit dem kieineren Durchmesser statlstlsch in der Faserstruktur orientiert sind, die Fasem mit 
dem grdBeren Durchmesser in einer Matrix der Fasern mit dem kieinen Durchmesser emgebettet sind 
und im allgemeinen ringformig in bezug auf die Langsachse der rShrenffirmigen Struktur onentiert sind. 

2. Rohrenformige Faserstruktur nach Anspruch 1 mit einer Vieteahl von langiichen Hohiraumen (16), 
die sich im allgemeinen ringformig in bezug auf die Langsachse der Struktur erstrecken. 

3. Rahrenformige Faserstruktur nach Anspruch 1 Oder 2, in der das Verhaltnis der Durchmesser der 
Fasern mit dem grdBeren Durchmesser zu denen der Fasem mit dem kieinen Durchmesser unter 30:1 be- 

4. R6hrenf6rmige Faserstruktur nach einem der Anspruche 1 bis 3 mit mindestens einer Schicht von 
Fasem, die alle den kieinen Durchmesser haben. _ L ^ „ _ . ^ . M 

35 5. R6hrenformige Faserstruktur nach Anspruch 4 mit einer Schicht von Fasem, die alle den kieinen 
Durchmesser haben auf der Innenseite der Struktur. . 

6. Rohrenformige Faserstruktur nach Anspruch 5, in der die Schicht der Fasem mit dem kieinen 
Durchmesser eine Dicke im Bereich von 1 0 jim bis 60 jim hat. 

7. Rohrenformige Faserstruktur nach Anspruch 6, in der die Schicht der Fasem mit dem kieinen 
40 Durchmesser eine Dicke von 40 urn hat. 

8. Rohrenformige Faserstruklur nach einem der Anspruche 4 bis 7 mit einer Schicht von Fasem mit 
dem kieinen Durchmesser auf der AuBenseite der Struktur. t . 

9. R6hrenf5rmige Faserstruktur nach Anspruch 8, in der die AuBenschicht eine Dicke im Bereich von 

10umbis60nm hat . . 

45 1 0 RShrenfSrmige Faserstruktur nach Anspruch 9, in der die AuBenschicht eine Dicke von 40 jim hat. 

1 1 R6hrenf6rmige Faserstruktur nach einem der Anspruche 4 bis 10, in der die Fasem mit dem groBe- 
ren Durchmesser in der Matrix der Fasem mit dem kieinen Durchmesser in einer Schicht mit einer Dicke 
im Bereich von 300 jim bis 2000 urn liegen. m 

12 Rohrenformige Faserstruktur, in der zumindest ein Axialbereich eine rohrenformige Faserstruktur 
50 wie in einem der vorstehenden Anspruche ist und die vollstandige rohrenformige Faserstruktur kontinu- 

ierlich durch elektrostatisches Spinnen hergestelft worden ist. 

13 R5hrenf6rmige Faserstruktur nach Anspruch 1, in der die rohrenformige Struktur offene Bereiche 
Oder Hohlraume (16) zwischen den Fasem mit dem grdBeren Durchmesser hat, die offenen Bereiche 
Oder Hohlraume (16) sich in Umfangsrichtung der rohrenformigen Struktur erstrecken, wodurch die 

55 Struktur einen niedrigen sowohl Druck- wie auch Dehnmodul in der Axialrichtung der rdhrenformigen 

^^Rdhrenformige Faserstruktur nach Anspruch 12, in der die Innenflache der Struktur im wesentii- 
chen aus Fasem mit kleinem Durchmesser besteht und glatt ist 

15. Rohrenformige Faserstruktur nach Anspruch 13 oder 14, in der die AuBenflache der Struktur im 
60 wesentlichen aus Fasem mit groBerem Durchmesser und Hohiraumen (16) besteht 

16. Rahrenformige Faserstruktur nach Anspruch 13 Oder 14, in der die offenen Bereiche oder Hohl- 
raume (16) an der AuBenflache der Struktur angeordnet sind. 

17 Rahrenfarmige Faserstruktur nach einem der Anspruche 13 bis 16, in dem die Fasem mit groBerem 
Durchmesser verstarkende Umfangsringe biiden, die in mitelnander in Verbindung stehenden Zwischen- 
65 raumen entlang der Lange des Pfropfprodukts angeordnet sind. 
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18. R6hrenf6rmige Faserstruktur nach einem der AnsprOche 13 bis 17, in der die Innenfiache der 
Struktur relativ glatt ist und die AuBenflache der Struktur ringformig und im Abstand voneinander ange- 
ordnete Rillen aufweist. 

19. Rohrenformige Faserstruktur nach einem der AnsprOche 13 bis 18, in der die offenen Bereiche 
5 oder Hohlraume (16) eine kegelfdrmige Tiefe haben, wobei der weite Bereich der offenen Bereiche Oder 

Hohlraume (16) an der AuBenflache der rohrenformigen Struktur iiegt 

20. Verfahren zum elektrostatischen Spinnen einer rdhrenformigen Faserstruktur unter Verwendung 
eines eiektrostatisch geladenen Spinndorns (11) und einer elektrostatisch geladenen Gittervorrichtung 
(12, 13, 14. 15) im Bereich des Dorns (11) zur Herstellung eines elektrostatischen Feldes und einer Vor- 

10 richtung (10) zum Einfuhren eines zu Fasern verarbeitbaren Materials in das elektrostatische Feld, mit 
folgenden Stufen: 

Einfuhren eines zu Fasem verarbeitbaren Materials In das elektrostatische Feld, 

Sammein an dem Dom (11) eines ersten Teils der FlOssigkeit in Form von zum Dorn (11) direkt angezoge- 
nen Fasem und eines zweiten Teils der FlOssigkeit in Form von Fasern, die zu der Gittervorrichtung (12, 
15 1 3, 14, 15) abgelenkt worden sind und somit einen langeren Weg zum Dom (1 1 ) zurGcklegen als die Fasern 
des ersten Flussigkeitstells, wodurch eine rdhrenfdrmige Faserstruktur nach Anspruch 1 erhaiten wird. 

21. Verfahren zum elektrostatischen Spinnen einer rohrenfonmigen Faserstruktur nach Anspruch 20, 
in dem die Fasem aus dem zweiten FIGssigkeitsteil an dem Dom (11) gesammeit werden, nachdem minde- 
stens ein Teil des zweiten Teils die Gittervorrichtung (12, 13, 14, 15) kontaktiert hat 

20 22. Verfahren nach Anspruch 20 oder 21, in dem die Fasem aus dem ersten und dem zweiten Teil 

gleichzeitig gesammeit werden. 

23. Verfahren nach einem der AnsprOche 20 bis 22 mit einer weiteren Stufe, in der ein gewOnschtes 

Potential fur den Dom (11) und ein gewOnschtes Potential fOr die Gittervorrichtung (12, 13, 14, 15) gewahlt 

wird, bevor das zu Fasem verarbehbare Material in das elektrostatische Feld eingefuhrt wird. 
25 24. Verfahren nach Anspruch 23, in dem die Gittervorrichtung (12, 13, 14, 15) ein hdheres Potential als 

der Dorn (11) hat. 

25. Verfahren nach einem der AnsprOche 20 bis 24 mit einer weiteren Stufe, in der die Gittervorrich- 
tung (12, 13, 14, 15) so angeordnet wird, daB die elektrostatisch geladene Flache der Gittervorrichtung 
(12, 13, 14, 15), die der EinfOhrvorrichtung (10) des zu Fasem verarbeitbaren Materials am nachsten 

30 iiegt, ihr nicht naher ist als der Dom (1 1 ). 

26. Verfahren nach einem der AnsprOche 20 bis 25 mit folgenden weiteren Stufen: 

Beginnen des elektrostatischen Spinnverfahrens mit dem Dom (11) bei einer ersten Domspannung und 
der Gittervorrichtung (1 2, 1 3, 1 4, 1 5) bei einer ersten Gitterspannung, und 

Andern der Dom- und Gitterspannungen, urn so eine Anderung der Durchmesser und der Orientierung 
35 mindestens eines Teils der die rohrenfarmige Faserstruktur bildenden Fasem zu verursachen. 

27. Verfahren nach Anspruch 26, in dem die erste Domspannung und die erste Gitterspannung so 
sind, daB Fasem mit einem ersten Durchmesser, die im ailgemeinen statistisch orientiert sind, erhaiten 
werden, und die Dorn- und Gitterspannungen verandert werden durch Erhohen des Potentials der 
Gittervorrichtung in bezug auf den Dom, wodurch Fasern mit einem graBeren Durchmesser als der er- 

40 ste Durchmesser sowie Fasem des ersten Durchmessers erhaiten werden, die Fasem mit dem graBe- 
ren Durchmesser eher im ailgemeinen ringf8rmig in bezug auf die Langsachse des Doms (11) orientiert 
sind. 

28. Verfahren nach Anspruch 26 oder 27 mit einer weiteren Stufe, in der der Dom (11) zur ersten 
Domspannung und die Gittervorrichtung (12, 13, 14, 15) zur ersten Gitterspannung wahrend einer Zeit 

45 am Ende des Verfahrens zurOckgebracht werden. 

29. Verfahren nach Anspruch 27 oder 28, bezogen auf Anspruch 27, mit einer Stufe, in der die Gitter- 
vorrichtung (12, 13, 14, 15) so angeordnet und elektrostatisch geladen wird, daB eine Vorderkante der 
Gittervorrichtung (12, 13, 14, 15) vor dem Dorn (11) in bezug auf die EinfOhrvorrichtung (10) des zu Fa- 
sem verarbeitbaren Materials Iiegt, wenn Fasem des ersten Durchmessers benOtigt werden, und so, 

50 daB eine Vorderkante der Gittervorrichtung (13, 15) der EinfOhrvorrichtung (10) des zu Fasem verar- 
beitbaren Materials nicht naher Iiegt als der Dorn, wenn Fasem des zweiten Durchmessers benotigt 
werden. 

30. Verfahren nach Anspruch 29, in dem die Gittervorrichtung ein erstes Paar von koplanaren Git- 
tem (12, 13) oder Platten auf einer Seite des Doms (11) und ein zweites Paar von koplanaren Gittern (14, 

55 15) oder Platten auf der anderen Seite des Doms (11) und in einer zum ersten Paar der koplanaren Gitter 
oder Platten parallelen Ebene umfaBt, wobei ein Gitter oder eine Platte (12, 14) jedes koplanaren Paars 
vor dem Dom (11) in bezug auf die EinfOhrvorrichtung (10) des zu Fasem verarbeitbaren Materials Iiegt 
und das andere Gitter oder die andere Platte (13, 15) jedes koplanaren Paars der EinfOhrvorrichtung (10) 
des zu Fasem verarbeitbaren Materials nicht naher Iiegt als der Dorn (1 1 ), beide Gitter oder Platten je- 

60 des Paares elektrostatisch geladen werden, wenn Fasem des ersten Durchmessers benotigt werden, 
und das zweite GHter oder die zweite Platte (13, 15) jedes Paares nur dann elektrostatisch geladen wird, 
wenn Fasem mit einem graBeren Durchmesser als der erste Durchmesser benotigt werden. 

31. Verfahren nach einem der AnsprOche 20 bis 30, in dem der Dom (11) auf ein Potential im Bereich 
von 6 kV bis 20 kV geladen wird. 

65 32. Verfahren nach einem der AnsprOche 20 bis 31, in dem fOr einen Dom mit einem Durchmesser von 
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4 mm der Dorn (1 1) auf 7 kV und die Gittervomchtung (13, 15) auf 9,2 kV geladen werden, urn Fasern mrt 
verschiedenen Durchmessern herzustellen. 

33. Verfahren nach einem der AnsprGche 20 bis 32 mit einer Stufe, in der die FasereinfGhrvorrich- 
tung (10) entlang der Lange des Doms (11) quer bewegt wird und die elektrostatischen Potentiate des 
Doms (11) und der Gittervorrichtung (12, 13, 14, 15) mit der Bewegung der EinfOhrvorrichtung (10) des zu 
Fasern verarbeitbaren Materials in bezug auf den Dom (1 1 ) verandert werden, um verschiedene elek- 
trostatische Felder fur die Faseransammlung und foiglich verschiedene Faserstrukturen an verschie- 
denen Axiaistellen des Doms (1 1) zu erzeugen. 

34. Vorrichtung fur das eiektrostatische Spinnen einer r6hrenf6rmigen Faserstruktur mit einem Dom 
(11) zum Sammein von elektrostatisch gesponnenen Fasern, einer Vorrichtung zum elektrostatischen La- 
den des Doms und zum Verandern der darauf angebrachten elektrostatischen Ladung, einer Vorrich- 
tung zum Drehen des Doms, der Gittervorrichtung (13, 15) Im Bereich des Doms (11), einer Vorrichtung 
zum elektrostatischen Laden der Gittervorrichtung (13, 15) und zum Andem der darauf aufgebrachten 
elektrostatischen Ladung und einer Vorrichtung (1 0) zum EinfOhren eines zu Fasern verarbeitbaren Ma- 
terials in das eiektrostatische Feld, wobei die Flache der Gittervorrichtung (13, 15) die der EinfOhrvor- 
richtung fOr das zu Fasern verarbertbare Material am nachsten liegt, ihr nlcht natter als der Dom (11) 1st 

35. Vorrichtung nach Anspruch 34, in dem die Gittervorrichtung ein Paar paralleler Platten oder Gtt- 
ter (13, 15), die auf jeder Sette des Doms (11) angeordnet sind, umfaBt 

36. Vorrichtung nach Anspruch 35, in der Vorderkanten der Platten (13, 15), die der EinfOhrvorrich- 
tung (10) des zu Fasern verarbeitbaren Materials am nachsten liegen, parallel sind. 

37. Vorrichtung nach Anspruch 36, in der die parallelen Vorderkanten in einer Ebene liegen, die 
durch den Dorn (11) geht oder ihm zumindest nahe ist 

38. Vorrichtung nach einem der AnsprGche 34 bis 37 m'rt einer Nebengittervorrichtung (12, 14), die 
vor der Gittervorrichtung (13, 15) in bezug auf die EinfOhrvorrichtung fur das zu Fasem verarbeitbare 

25 Material liegt 

39. Vorrichtung nach Anspruch 38, in der die Nebengittervorrichtung (12, 14) ein Paar paralleler Plat- 
ten (12, 14) umfaBt. 

40. Vorrichtung nach Anspruch 38 oder 39 mit einer Vorrichtung zum elektrostatischen Laden der 
Gittervorrichtung (13, 15) und der Nebengittervorrichtung (12, 14) zusammen oder der Gittervorrichtung 

30 (13, 15) alleine. 

41. Vorrichtung nach einem der AnsprGche 34 bis 40 mit einer Mikroprozessor-Vorrichtung zum Re- 
geln der Spannungsanderungen entsprechend einer gewunschten Folge zur Herstellung einer rohren- 
formigen Faserstruktur mit den gewOnschten Eigenschaften. 

35 Revendications 

1. Une structure fibreuse tubulaire comprenant des fibres de petit diametre presentant un diametre 
compris dans la plage de 0,5 um a 2 um, et des fibres de diametre sensiblement plus important presentant 
un diametre compris dans la plage de 2 um a 15 urn, lesdites fibres de plus petit diametre etant orientees 

40 de facon aleatoire dans la structure fibreuse, lesdites fibres de plus grand diametre etant noyees dans 
une matrice desdites fibres de petit diametre et lesdites fibres de plus grand diametre etant orientees de 
fagon generalement circonferentielle par rapport a I'axe longitudinal de ladite structure tubulaire. 

2. Une structure tubulaire fibreuse selon la revendlcation 1 , comprenant une pluralite de vides allon- 
ges (16) defendant de facon generalement circonferentielle par rapport a I'axe longitudinal de la structu- 

45 re. 

3. Une structure tubulaire fibreuse selon la revendication 1 ou la revendlcation 2, dans laqueile le rap- 
port des diametres des fibres de plus grand diametre aux diamfetres des fibres de petit diametre est infe- 
rieur a 30:1 . 

4. Une structure tubulaire fibreuse selon I'une quelconque des revendications 1 a 3, comprenant au 
50 moins une couche de fibres qui sent toutes de petit diametre. 

5. Une structure tubulaire fibreuse selon la revendication 4, comportant sur I'interieur de la structure 
une couche de fibres qui sont toutes dudit petit diametre. 

6. Une structure tubulaire fibreuse selon la revendication 5, dans laqueile la couche de fibres dudit 
petit diametre est d'une epaisseur comprise dans la ptage de 10 um a 60 um. 

55 7. Une structure tubulaire fibreuse selon la revendication 6 f dans laqueile la couche de fibres dudit 
petit diametre est d'une epaisseur de 40 um. 

8. Une structure tubulaire fibreuse selon I'une quelconque des revendications 4 a 7, comportant une 
couche de fibres dudit petit diametre sur I'exterieur de ladite structure. 

9. Une structure tubulaire fibreuse selon la revendication 8, dans laqueile la couche exterieure est 
60 d'une epaisseur comprise dans la plage de 10 um a 60 um. 

10. Une structure tubulaire fibreuse selon la revendication 9, dans laqueile la couche exterieure est 
d'une epaisseur de 40 um. 

11. Une structure tubulaire fibreuse selon Tune quelconque des revendications 4 a 10 dans laqueile les 
fibres de plus grand diametre situees dans la matrice de fibres dudit petit diametre sont situees dans une 

65 couche d'epaisseur comprise dans la plage de 300 um a 2000 um. 
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12. Une structure tubulaire fibreuse dans laquelle au moins une partie axiale est une structure tubuiai- 
re fibreuse selon I'une quelconque des pr6c£dentes revendications, la structure tubulaire fibreuse com- 
plete ayant ete realisee de facon continue par centrifugation eiectrostatique. 

13. One structure tubulaire fibreuse selon la revendication 1, dans laquelle ladite structure tubulaire fi- 
5 breuse comporte des zones ouvertes ou vides (16) entre les fibres de plus grand diametre, lesdKes zo- 
nes ouvertes ou vides (16) s'etendant dans la direction circonf&rentielle de la structure tubulaire, grace 
a quo! ladite structure possede un module falble a la fois en compression et en allongement dans la direc- 
tion axiale de ladite structure tubulaire. 

14. Une structure tubulaire selon la revendication 12, dans laquelle la surface interieure de la structu- 
10 re est de facon predominate constituee de fibres de petit diametre pour reaiiser une surface interieur 

lisse. 

15. Une structure tubulaire selon la revendication 13 ou la revendication 14, dans laquelle la surface 
exterieure de la structure est de facon predominate constituee de fibres de plus grand diametre et de 
vides (16). 

15 16. Une structure tubulaire selon la revendication 13 ou la revendication 14, dans laquelle les espaces 

ouverts ou vides (16) sorrt disposes sur la surface exterieure de la structure. 

17. Une structure tubulaire selon Tune quelconque des revendications 13 a 16, dans laquelle les fibres 

de plus grand diametre torment des cerceaux de renforcement circonferentiels, lesdits cerceaux etant 

disposes dans une relation espacee I'un de i'autre le long de la longueur de la greffe. 
20 18. Une structure tubulaire selon Tune quelconque des revendications 13 a 17, dans laquelle la surface 

interieure de la structure est relativement lisse et la surface exterieure de la structure possede des 

sillons espaces entre eux, disposes circonferentiellement 

19. Une structure tubulaire selon Tune quelconque des revendications 13 a 18, dans laquelle les espa- 
ces ouverts ou vides (16) se retrecissent en profondeur, la partie large desd'rts espaces ou vides (16) 

25 etant sur la surface exterieure de la structure tubulaire. 

20. Un procede de centrifugation electrostatlque d'une structure fibreuse tubulaire utilisant un man- 
drin de centrifugation (11) charge eiectrostatiquement et des moyens a grille (12, 13, 14, 15) charges elec- 
trostatiquement dans la zone du mandrin (11) pour produire un champ eiectrostatique, et des moyens (10) 
pour introduire une matiere transformable en fibres dans ledit champ eiectrostatique, ledit procede com- 

30 prenant les etapes consistant a introduire dans ledit champ eiectrostatique une matiere transformable en 
fibres, recueillir sur ledit mandrin (1 1 ) une premiere partie dudit liquide sous forme de fibres attirees di- 
rectement vers le mandrin (11) et une deuxieme partie dudit liquide sous forme de fibres qui ont 6te de- 
vices vers lesdits moyens a grille (12, 13, 14, 15) pour suivre, vers ledit mandrin (11), un trajet plus long 
que les fibres provenant de ladite premiere partie de liquide, grace a quo! est produite une structure 

35 tubulaire fibreuse selon la revendication 1 . 

21. Un proced§ de centrifugation eiectrostatique d'une structure tubulaire fibreuse selon la revendi- 
cation 20, dans lequel lesdites fibres provenant de ladite deuxieme partie dudit liquide sont recueiiiies 
sur ledit mandrin (11) apres qu'au moins une fraction de ladite deuxieme partie est venue en contact avec 
lesdits moyens a grille (12, 13, 14, 15). 

40 22. Un procede selon la revendication 20 ou la revendication 21, dans lequel les fibres provenant des- 
dites premiere et deuxieme parties sont recueiiiies simultanement 

23. Un procede selon i'une quelconque des revendications 20 a 22, procede qui comprend de plus 
I'etape consistant a choisir un potentiel souhaite pour le mandrin (11) et a choisir un potentiel souhaite 
pour les moyens a grille (12, 13, 14, 15), avant d'introduire la matiere transformable en fibres dans le 

45 champ eiectrostatique. 

24. Un procede selon la revendication 23, dans lequel les moyens a grille (12, 13, 14, 15) sont choisis de 
maniere a presenter un potentiel plus eleve que le mandrin (11). 

25. Un procede selon I'une quelconque des revendications 20 a 24, le procede com prenant de plus 
I'etape consistant a disposer les moyens a grille (12, 13, 14, 15) de telle facon que la surface chargee elec- 

50 trostatiquement des moyens a grille (1 2, 1 3, 1 4, 15) la plus voisine des moyens d'introduction (1 0) de matie- 
re transformable en fibres ne soit pas situee plus pros de ces moyens que le mandrin (11). 

26. Un procede selon I'une quelconque des revendications 20 a 25, comprenant de plus I'etape consis- 
tant a commencer le procede de centrifugation eiectrostatique quand le mandrin (11) est a une premiere 
tension de mandrin et que les moyens a grille (12, 13, 14, 15) sont a une premiere tension de grille, et a fai- 

55 re varier les tensions de mandrin et de grille pour provoquer une variation du diametre et de ('orientation 
d'au moins une partie des fibres constituant la structure tubulaire fibreuse. 

27. Un procede selon la revendication 26, dans lequel la premiere tension de mandrin et la premiere 
tension de grille sont aptes a produire des fibres d'un premier diametre orients generalement de facon 
aleatoire, et les tensions de mandrin et de grille sont soumises a une variation en augmentant le potentiel 

60 des moyens a grille par rapport au mandrin pour produire des fibres d'un diametre plus grand que le pre- 
mier diametre ainsi que des fibres du premier diametre, les fibres du plus grand diametre tendant a etre 
orientees generalement de facon circonferentielle par rapport a Paxe longitudinal du mandrin (11). 

28. Un proc6d6 selon la revendication 26 ou la revendication 27, comprenant une etape additionnelle 
consistant a ramener le mandrin (1 1 ) a la premiere tension de mandrin et les moyens a grille (1 2, 1 3, 1 4, 1 5) a 

65 la premiere tension de grille pendant une periode a la fin du processus. 
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29. Un precede selon la revendication 27 ou la revendication 28 quand elle depend de la revendication 
27, comprenant PEtape consistant a disposer et a charger Electrostatiquement les moyens a grille (12, 13, 
14, 15) de telle facon qu'un bord avant des moyens a grille (12, 13, 14, 15) soit situE en avant du mandrin 
(1 1) par rapport aux moyens d'introduction de la matiere transformable en fibres (10), dans le cas oCi les fi- 
bres dudit premier diametre sont demandees, et tel qu'un bord avant des moyens a grille (13, 15) ne soit 
pas situe plus pres des moyens d'lntroduction de la matiere transformable en fibres (10) que le mandrin 
dans le cas ou des fibres dudit deuxieme diametre sont demandees. 

30. Un precede selon la revendication 29, dans lequel les moyens a grille comprennent une premiere 
paire de grilles ou plaques coplanaires (12, 13) sur un cdtE du mandrin (1 1) et une deuxieme paire de grilles 
ou plaques coplanaires (14, 15) sur Pautre cote du mandrin (11) et dans un plan parallels a la premiere 
paire de grilles ou de plaques coplanaires, une grille ou plaque (12, 14) de chaque paire coplanaire etant 
situee en avant du mandrin (11) par rapport aux moyens d'introduction de la matiere transformable en fi- 
bres (10), et Pautre grille ou plaque (13, 15) de chaque paire coplanaire n'Etant pas situee plus pres des 
moyens d'introduction de matiere transformable en fibres (10) que le mandrin (11), ce precede comprenant 

15 les etapes consistant a charger Electrostatiquement les deux grilles ou plaques de chaque paire lorsque 
des fibres dudit premier diametre sont demandees et a ne charger electrostatiquement que la deuxieme 
grille ou plaque (13, 15) de chaque paire lorsque des fibres cfun diametre plus grand que iedit premier dia- 
mEtre sont demandees. 

31. Un precede selon Pune queiconque des revendications 20 a 30, dans lequel le mandrin (11) est char- 
20 ge a un potential situe dans la plage de 6 kV a 20 kV. 

32. Un precede selon Pune queiconque des revendications 20 a 31, dans lequel, pour un mandrin d'un 
diametre de 4 mm, le mandrin (11) est charge a 7 kV et les moyens a grille (13, 15) a 9,2 kV pour produire 
des fibres de diametres differents. 

33. Un procEdE selon Pune queiconque des revendications 20 a 32, comprenant Petape consistant a 
25 amener les moyens d'introduction (10) de fibres le long de la longueur du mandrin (1 1) et a faire varier les 

potentiels electrostatiques du mandrin (1 1) et les moyens a grille (12, 13, 14, 15) lorsque les moyens d'intro- 
duction (10) de matiere transformable en fibres se deplacent par rapport au mandrin (11) pour produire 
des champs electrostatiques differents pour recueillir les fibres, et par consequent des structures fi- 
breuses d'rfferentes a des emplacements axiaux differents du mandrin (11). 

30 34. Appareil pour centrifuger electrostatiquement une structure fibreuse tubulaire, Pappareil compre- 
nant un mandrin (11) destine a agir pour recueillir des fibres centrifugees electrostatiquement, des 
moyens pour charger electrostatiquement le mandrin et pour faire varier la charge Electrostatique qui 
sur celui-ci, des moyens pour faire tourner mandrin, des moyens a grille (13, 15) dans la zone du mandrin 
(1 1), des moyens pour charger Electrostatiquement les moyens a grille (13, 15) et pour faire varier la char- 

35 ge Electrostatique sur ceux-ci, et des moyens (10) pour introduce une matiere transformable en fibres 
dans le champ electrostatique, la surface des moyens a grille (13, 15) la plus proche des moyens d'intro- 
duction de la matiere transformable en fibres n'etant pas plus proche de ceux-ci que le mandrin (1 1). 

35. Appareil selon la revendication 34, dans lequel les moyens a grille comprennent une paire de pla- 
ques ou grilles paralleles (13, 15) disposees sur chaque cdtE du mandrin (11). 

40 36. Appareil selon la revendication 35 dans lequel des bords avant des plaques (13, 15) les plus pro- 
ches des moyens d'introduction (10) de matiere transformable en fibres sont paralleles. 

37. Appareil selon la revendication 36, dans lequel les bords avant paralleles sont sltuEs dans un plan 
passant par le mandrin (1 1 ) ou au moins a proximite de celui-ci. 

38. Appareil selon Pune queiconque des revendications 34 a 37, comprenant de plus des moyens a 
45 grille secondares (12, 14) s f etendant en avant des moyens de grille (13, 15) par rapport aux moyens d'in- 
troduction de matiere transformable en fibres. 

39. Appareil selon la revendication 38, dans lequel les moyens a grille secondares (12, 14) compren- 
nent une paire de plaques paralleles (1 2, 14). 

40. Appareil selon la revendication 38 ou la revendication 39, comprenant des moyens pour charger 
50 Electrostatiquement les moyens a grille (1 3, 1 5) et les moyens a grille secondares (1 2, 1 4) en meme temps, 

ou les moyens a grille (13, 15) seuls. 

41. Appareil selon Pune queiconque des revendications 34 a 40, comprenant des moyens a micropro- 
cesseur pour commander la variation des tensions selon une sequence desiree pour produire une struc- 
ture fibreuse tubulaire possedant des caracteristiques souhaitees. 
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SEM of the microstructure of a composite graft . 
Scale: 1mm. = Ijjm . 
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ELFR Response at 15% extension. 
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FIG. 7 

Photograph of a composite graft undergoing a bend test 
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